Abstract: We calculate the mass spectra of the singly charmed baryons (Λ − ) excited states. The spin-spin, spin-orbital and tensor interaction terms are also incorporated for mass spectra. We have compared our results with other theoretical predictions and Lattice QCD for each baryons. Moreover, the known experimental results are also reasonably closed to our predicted masses. By using the radial and orbital excitation, we construct Regge trajectories for the baryons in (n,M 2 ) plane and find their slopes and intercepts. The other properties like, magnetic moments, radiative transitions and radiative decay widths of these baryons are also calculated successfully.
Introduction
The measurement and calculation of baryonic excited states are the important area of activity for worldwide experimental facilities in CLEO, Belle, BABAR, LHCb [1] [2] [3] [4] [5] as well as of Lattice QCD calculations [6, 7] . Baryons made of light and heavy flavors quarks put an interesting challenges because one has to deal with quark mass at various mass scale. Rapid development has been made in the heavy baryons sector and many new excited states of these heavy flavour baryons are also investigated [8] . The doubly and triply heavy flavor baryons are determined now a days with different approaches [9] [10] [11] [12] . In creating the understanding towards the different energy scale QCD, it is very much required a rich dynamical study on heavy flavor baryons with their properties [13] . The mass spectra, width, lifetime, decays and form factors have been often reported by numerous experimental groups but the spin and parity identification of some states are still missing. The future experiments at J-PARC, PANDA [14] and LHCb are expected to give further information on charmed baryons pretty soon.
Various phenomenological models have been used to study heavy baryons by different approaches like nonrelativistic Isgur-Karl model [15] , relativized potential quark model [16] , relativistic quark model [17] , variational approach [18] , the relativistic flux tube (RFT) model [19] , the Hamiltonian model [20] , heavy quark symmetry [21] , the Fadeev approach [22] , the algebraic approach [23] , the Goldstone Boson Exchange Model [24] , the interacting quark-diquark model [25] , the Feynman-Hellmann theorem [26] , the Hypercentral Model [27] , the combined expansion in 1/m Q and 1/N c [28] , the chiral Quark model [29] , QCD sum rules [30] , a soliton model [31] and many more have been studied henceforth. Also, many Lattice QCD studies have been done for heavy flavor baryons [6, 7, [32] [33] [34] [35] [36] . In all the models they first reproduced the baryon spectra and later described various baryonic properties. A recent Review article explained different quark models along with the Hypercentral Constituent Quark Model and its application to baryonic properties [37] .
The Hypercentral Constituent Quark Model (hCQM) with color coulomb plus power potential was used for the systematic calculations of ground state masses of various baryons [38] [39] [40] [41] . The hCQM scheme accounts to an average two-body potential for the three quark system over the hyper angle. After successful calculation of ground state masses, we are implanting this model to calculate the masses of singly charmed baryons upto higher radial and orbital excitation. In this paper, we use hyper color coulomb plus linear potential as we have used in case of spectroscopy of mesons [42] . We study four singly charmed baryons Λ [43] . The available experimental observed states of these baryons are mentioned in Table 1 .
We also construct the Regge trajectories for these baryons in (n, M 2 ) plane, where one can test their linearity, parallelism and equidistant. This study produces the information about the hadron dynamics and it also important for the hadron production and high energy scattering [17] . It is very much important to reproduce the baryon spectrum in model, likewise the study of other properties are also important. Hence, we calculate the magnetic moment and transition magnetic moment using effective quark masses. We also determined radiative decay widths. This paper is organized as follows: The description of hypercentral Constituent Quark Model (hCQM) is given in section 2. A systematic mass spectroscopy calculation have been performed in this model for four singly charmed baryons. We analyze and discuss our results in section 3. We plotted Regge Trajectories and explained it for these baryons in section 4. The magnetic moments and radiative decay widths are also determined for these baryons in section 5. Finally, we draw conclusions in section 6.
The Model
Baryons are made of three constituent quarks. The relevant degrees of freedom for their motion are related by the Jacobi coordinates ( ρ and λ) are given by [44] as
Here m i and r i (i = 1, 2, 3) denote the mass and coordinate of the i-th constituent quark. In present paper, the confining three-body potential is chosen within a stringlike picture, where the quarks are connected by gluonic strings and the potential strings increases linearly with a collective radius r 3q as mentioned in [37] . Accordingly the effective two body interactions can be written as
The hyper radius x is a collective coordinate in the hypercentral approximation and therefore the hypercentral potential contains the three-body effects. More descriptively given in ref. [37, 45] . The Hamiltonian of three body baryonic system in the hCQM is then expressed as
where, m = 2mρm λ mρ+m λ , is the reduced mass and x is the six dimensional radial hyper central coordinate of the three body system. The respective reduced masses are given by
We consider the masses of light quarks(u,d) as unequal. The constituent quark mass parameters used in our calculations are given below.
• The angle of the Hyper spherical coordinates are given by Ω ρ = (θ ρ , φ ρ ) and Ω λ = (θ λ , φ λ ). We define hyper radius x and hyper angle ξ in terms of the absolute values ρ and λ of the Jacobi coordinates [46] [47] [48] ,
In the center of mass frame (R c.m. = 0), the kinetic energy operator can be written as
where
is the quadratic Casimir operator of the six-dimensional rotational group O (6) 010201-2 and its eigenfunctions are the hyperspherical harmonics,
Here, γ is the grand angular momentum quantum number. The hyperradial Schrodinger equation corresponds to the Eqn.(3) Hamiltonian can be written as,
where Ψ γ (x) is the hypercentral wave function and γ is the grand angular quantum number. We consider a reduced hypercentral radial function, φ γ (x) = x 
Presently, we consider the hypercentral potential V(x) as the color coulomb plus linear potential with spin interaction
where V 0 (x) is given by
Here, the hyper-Coulomb strength τ = − 2 3 α s where α s corresponds to the strong running coupling constant; 2 3 is the color factor for baryon, β(=0.14) corresponds to the string tension for baryons. V 0 is a constant value and was used to obtain ground state masses (J P = 
We get α s =0.6 with µ 0 =1 GeV and number of flavors are 4. If we compare Eqn. (8) with the usual three dimensional radial Schrodinger equation, the resemblance between angular momentum and hyper angular momentum is given by [23] , l(l + 1) → 15 4 + γ(γ + 4). The spin-dependent part of Eqn. (9), V SD (x) contains three types of the interaction terms, such as the spinspin term V SS (x), the spin-orbit term V γS (x) and tensor term V T (x) given by [49] ,
The Spin-orbit and the tensor term describe the fine structure of the states, while the spin-spin term gives the spin singlet triplet splittings. The coefficient of these spin-dependent terms of Eq n .(10) can be written in terms of the vector, V V (x) = τ x and scalar, V S (x) = βx parts of the static potential as
Instead of the six dimensional delta function which appear into spin-spin interaction term of Eq n . (15), we use smear function similar to the one given by [39, 41] 
where x 0 is the hyperfine parameter of the model. We
2 , where A 0 is arbitary constant. The baryon spin average mass in this hypercentral model is given by M B = i=1 m i + BE. We numerically solve the six dimensional Schrodinger equation using Mathematica notebook [50] . We have followed the (2S+1) γ J notations for spectra of baryons.
Mass Spectra:Discussions
We have calculated the masses of radial and orbital excited heavy baryons Λ [7, [32] [33] [34] [35] [36] 51] in Table 2 . Refs. [52, 53] has also performed ground state calculations in their papers. The obtained masses of radial excited states charm baryons with J = are listed in Table 3-6. Until now, only Ref. [17] focused on the mass spectra of the radial as well as orbital excited heavy baryons; precisely for 2S-5S and 1P-5P, 1D-2D and 1F states with a use of the relativistic quark potential model in the quarkdiquark picture. Ref. [19] has calculated higher excited states of Λ + c (upto 3S, 3P, 1D, 1F and 1G states) and Ξ c (upto 4S and 3P, 1D, 1F and 1G states) within the relativistic flux tube (RFT) model. A non-relativistic quark model with harmonic oscillator potential also showed excited mass spectra of Λ c , Σ c and Ω c upto 3S, 3P and 3D states [20] . The excited mass specta in HQS limit is calculted by [21] for Λ c (2S-4S, 1P, 1D and 1F), Σ c and Ξ c (2S-3S, 1P and 1D). Ref. [7, 18, 22] has calculated 1S and 1P states whereas [30] calculated only 1P state for all these baryons. All these models are compared with our obtained results in respective tables of the baryons. Table 3 ).
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Our ground state is close to Lattice QCD results (see Table 2 ) and other theoretical predictions. The radial excited states 2S-5S show (≈4-78 MeV) difference with Ref. [17] . The comparison with other models are also mentioned. We obtained 2.758 GeV in 2S state which is near to Ref. [8, 17, 19] . Thus, we assigned J P = + . Σ c (2800) is also found but the quantum number is undefined. We have calculated the mass spectroscopy of Σ + c baryon for 1S-5S, 1P-4P, 1D-2D and 1F states (see Table 4 ).
The ground states are closed with Lattice-QCD results(see Table 2 ) as well as experimental results. The radial excited states 2S-5S show (≈ 10-39 MeV) difference for Σ c and (≈ 19-33 MeV) difference for Σ * c with Ref. [17] . These results are also close to the [20, 21] 0 is found by Belle Collaboration [5] . Although these baryons are well established experimentally, its quantum numbers are still unknown. We have calculated the mass spectroscopy of Ξ 0 c baryon for 1S-5S, 1P-4P, 1D-2D and 1F states (see Table 5 ). Table 6 ) like other baryons.
Our ground states Ω 0 c and Ω * 0 c are in good agreement with other theoretical predictions as well as experimental measurements. and Lattice-QCD results. We mainly compare our results with D.ebert et al. [17] and Yoshida et al., [20] . As we move to higher excited states we can observe that the difference of masses with other model get increases. Though our obtained masses are lower than them. Our results are (≈ 100 MeV close to the W. Roberts calculation [18] . 
Regge Trajectories
The calculted masses are used to plot Regge trajectrories for Λ We observe that the square of the calculated masses fit very well to the linear trajectory and almost parallel and equidistant in S, P, D states. We can determine the possible quantum numbers and prescribe them to particular Regge trajectory with the help of our obtained results. 
Magnetic moments and Radiative decays
The magnetic moment of baryons are obtained in terms of the spin, charge and effective mass of the bound quarks as [38] [39] [40] [41] 58] µ B = i φ sf |µ iz |φ sf ) where
e i is a charge and σ i is the spin of the respective constituent quark corresponds to the spin flavor wavefunction of the baryonic state. The effective mass for each of the constituting quark m ef f i
can be defined as
where, H = E + V spin . The electromagnetic radiative decay width can be expressed in terms of the radiative transition magnetic moment(in µ N ) and photon energy (k) as [41, 60] γ r = k Here, m p is the proton mass. m B → m B ′ is the radiative transition magnetic moments (in nuclear magnetons), which are expressed in terms of the magnetic moments of the constituting quarks (µ i ) of the initial and final state of the baryon. The radiative transition magnetic moment is calculated as(in terms of keV) [38, 41] • Σ * 0
• Ω * 0
Using this radiative transition magnetic moment for particular baryons, we calculated radiative decay width and the results are tabulated in Table 9 . Table 9 . Radiative decay widths (in keV).
Decay our [61] [64] Expt. states are given with particle name. Expt. states are given with particle name. 
Conclusion
The mass spectra of Λ c , Σ c , Ξ c and Ω c baryons are calculated in hypercentral constituent quark model(hCQM) with coulomb plus linear potential. The mass spectra of Λ c , Σ c , Ξ c and Ω c baryons are close to known experimental observations and other theoretical predictions as shown in Table 3 -6. We have listed various experimentally known singly charmed baryonic states in Table 10 and compared them with our calculated results. We have also assigned J P value to unknown experimental states. We can say that there are not much theoretical calculations which provide the spectra starting from S to F states. So, we have compare all our results to the D. Ebert calculations [17] and they are matching upto certain energy scale. This study will help experimentalists as well as the theoreticians to understand the dynamics of the singly charmed baryons. + . The obtained results are close to the other theoretical prediction. Thus, our motive to calculate the excited states has been fulfilled. We can observe that the obtained masses of four singly charmed baryons have also been checked by bound states baryonic properties; regge trajectories and radiative decay widths. The model is succeed to determine the properties, thus, we would like to extend this scheme to calculate the decay rates of these baryons. We will also implant the model in calculation of doubly and triply heavy baryons properties.
